To examine whether patients with mild traumatic brain injury (mTBI) receiving text messaging-based education and behavioral support had fewer and less severe postconcussive symptoms than those not receiving textmessage support. Our secondary objective was to determine the feasibility of using text messaging to assess daily symptoms and provide support to patients with mTBI. Design: Randomized controlled trial with 14-day follow-up. Participants: Convenience sample of 43 adult emergency department patients with mTBI. Intervention: Fourteen days of timed SMS (short-message service) symptom assessments (9 AM: headaches; 1 PM: difficulty concentrating; 5 PM: irritability or anxiety) with self-care support messages. There were also trends of lower mean scores for headaches (0.99 vs 1.19; P = .5), difficulty concentrating (0.88 vs 1.23; P = .2), and irritability/anxiety (1.00 vs 1.62; P = .06). There were high response rate to SMS symptom assessments and high satisfaction with the intervention. Conclusion: Those receiving the text messaging-based education and support had fewer and less severe postconcussive symptoms than the controls but none of the differences reached statistical significance. Further evaluation of more robust mobile interventions and larger sample of participants are still needed. Early targeted interventions can reduce both shortand long-term complaints related to mTBI. 5, 6 Specifically, education, reassurance, support regarding symptom management, and guidance regarding resumption of preinjury roles can result in improved outcomes. Currently, care instructions for patients with mTBI being discharged from the ED includes brief written education and referral to either a primary care physician or a head injury specialist. Potential problems with this approach include suboptimal delivery and/or patient understanding of educational material provided immediately following a head injury and unclear guidelines for emergency clinicians to determine which patients will need more comprehensive care.
M
ILD TRAUMATIC BRAIN INJURY (mTBI) accountfor 70% to 90% of all traumatic brain injuries, 1 and around 80% of patients with mTBI are discharged directly from the emergency department (ED) to home. 2 Between 20% and 50% of those suffering mTBI develop persisting symptoms, 3, 4 which may impede return to work and increase further healthcare utilization.
Currently, care instructions for patients with mTBI being discharged from the ED includes brief written education and referral to either a primary care physician or a head injury specialist. Potential problems with this approach include suboptimal delivery and/or patient understanding of educational material provided immediately following a head injury and unclear guidelines for emergency clinicians to determine which patients will need more comprehensive care.
Rapid and worldwide growth in mobile communication technology such as short-message service (SMS), aka "text messaging," may allow for high-resolution longitudinal symptom characterization during the acute recovery period to determine cases that are not responding to educational interventions alone. SMS could also improve delivery of mTBI education and behavioral support after hospital discharge. Studies from other health conditions support the use of SMS to track symptoms and influence self-management. 8 SMS system can incorporate real-time feedback to improve health behavior with minimal burden to the client and can be automated using a computer interface, allowing for low-cost, large scale implementation.
For this study, our primary objective was to examine whether patients with mTBI receiving text messagingbased education and behavioral support had fewer and less severe postconcussive symptoms than those not receiving text-message support. Our secondary objective was to determine the feasibility of using text messaging to assess daily symptoms and provide support to patients with mTBI.
METHODS

Study design
The text messaging to improve postconcussion symptoms (TIPS) study was a pilot randomized controlled clinical trial among patients with mTBI being discharged from the ED. The Institutional review board at the University of Pittsburgh approved the protocol associated with this study. All enrolled participants provided written informed consent, and we registered our trial before recruitment at clinicaltrials.gov (NCT01668342).
Participants
Subjects were recruited from July to September, 2012, in a single urban ED in Western Pennsylvania with an annual census of 65 000 visits per year. Recruitment occurred on approximately 60% evening shifts (4 PM-12 AM) and 40% day shifts (8 AM-4 PM) when the lead investigator was available in the ED. After ED providers recognized a potentially eligible participant, an investigator confirmed eligibility and obtained written informed consent. Those eligible were at least 18 years old, able to speak English, met the American College of Rehabilitation Medicine definition of mTBI, 9 and had no other major confounding injuries. We excluded those who did not own a personal cellular phone equipped with text messaging.
Study protocol
After consent was obtained, baseline assessments of demographics, preinjury factors, postinjury symptoms, and cognition were administered, followed by randomization and treatment assignment. Randomization was preset from a computer-generated list, and the investigator was blind to the assignment made by the computer system upon participant entry. Both groups received the usual ED standard of care for mTBI consisting of a patient instruction handout and outpatient referral, if prescribed. Both the control and intervention groups received a series of text messages welcoming them to the study. Participants, who had their mobile phones, texted "TIPS" to our research phone number to initiate them in our computer system. If they did not have their phones, we entered their phone number manually. Upon initiation, participants received "Welcome to the TXT to Improve Post-concussion Symptom (TIPS) Study!" followed by "We want to better understand your symptoms. To do so, we need you to answer 3 daily questions over the next 14 days as accurately and as soon as you can."
On the day following enrollment, and through their 14th day postdischarge, all participants received the same SMS symptom assessments. The SMS assessments were chosen to sample the most common symptom from each of the 3 concussion domains (somatic: headaches, cognitive: difficulty with concentration, and emotional: anxiety or irritability). Each question was sent at a specific time every day and framed to represent the symptom severity over the last 24 hours. We chose this design to sample contiguous time periods, which would not be attainable through random queries. Response options for the SMS symptom assessments were based on a 5-point scale to mimic the Rivermead Postconcussion Symptoms Questionnaire (RPQ) response options. 10 SMS assessments occurred as follows: At 9 AM participants received the text message as follows: "On a scale from 0 (no pain at all) to 4 (worst pain you can imagine), have you had any HEADACHE in the last 24 hours?" At 1 PM, participants received, "On a scale from 0 (none) to 4 (severe), have you had any DIFFI-CULTY CONCENTRATING in the last 24 hours? At 5 PM, they received, "On a scale from 0 (none) to 4 (severe), have you had any IRRITABILITY or ANXIETY in the last 24 hours?" If participants did not respond within 4 hours of a query, they received, "We missed whether you are having any [symptom] . We will check again tomorrow." where [symptom] was populated by the computer for the given assessment. If participants responded with a value outside of our preset parameter, they received, "Please respond with a number between 0 and 4." To all responses within the correct range (0-4), control participants received, "Your response has been received and is appreciated."
For intervention group participants, every correct response (0-4) triggered our computer system to deliver a feedback message reflecting their response and our interpretation of it. [3 or 4] received 2 text messages designed to provide symptom-specific education, reassurance, and management guidance. All text messages were selected in an automated, random fashion by the computer system. Messages were developed by a multidisciplinary team of emergency physicians (B.S., C.C.) and physical medicine and rehabilitation specialists (A.W., P.A.) and adapted from written educational material for mTBI. We created at least 28 unique messages for each symptom so that even if a participant complained of severe symptoms for 14 days, they would not receive any redundant support message. Samples of our messages are included in the appendix.
Measures
Baseline assessment
Participants completed baseline assessments in the ED using paper questionnaires, and an investigator was present to assist them with any questions that were confusing or needed clarification. Demographics included age, sex, race, ethnicity, education, marital status, and employment status. Health status was assessed using a single item-"In general, how would you rate your health"?-with response options of "excellent, very good, good, fair, or poor." 11 Alcohol, tobacco, and drug use over the last 3 months was assessed using the Alcohol Smoking and Substance Involvement Screening Test (ASSIST). 12 Depression and anxiety were measured using a 2-item depression scale (Patient Health Questionnaire [PHQ]-2) and a 2-item anxiety scale (general anxiety disorder-2), aka the PHQ for depression and anxiety (PHQ-4). 13 Preinjury symptoms were measured using the RPQ, which comprises 16 symptoms commonly experienced with a head injury. The baseline RPQ was framed as follows: "Before your injury that brought you to the hospital, did you suffer from any of the following." Symptom levels were rated on a 5-point scale (0 = none, 4 = severe), with total scores ranging from 0 to 64. Preinjury medication use was measured for acetaminophen, ibuprofen, aspirin, narcotics, and other pain medication using the following: "Over the last 2 weeks, which of the following have you used for pain?" with response options for each including, "not at all, several days, more days than not, or nearly every day." We asked participants to report the number of prior concussions they have sustained.
Postinjury acute pain was measured through a visual analog scale (range = 0-10). Participants were asked to indicate whether or not they were having pain in any of the following body areas: head, neck, lower back, extremities, chest, abdomen, other. Illness perception was measured through a single question, "On a scale from 0 (A very short time) to 10 (forever), how long do you think the symptoms from this injury will last?.
14 Satisfaction with social support was measured using the following question: "On a scale from 0 (none at all) to 10 (perfect), how satisfied are you with your social support to help you manage your symptoms when you leave the hospital?" 15 The Galveston Orientation and Amnesia Test was used to screen for amnesia to the injury event and to quantify the degree of TBI-related impairment. 16 Cognition was tested using the Rapid Screen for Concussion, 17 with the addition of the Digit Symbol Substitution Test to assess processing speed. 18 
Outcome assessment
All participants were called on the 15th day postenrollment by an examiner blinded to their treatment assignment. Up to 3 calls over 3 days were made before we designated the participant "lost to follow-up." We used a battery of measures to assess symptoms. First, symptom presence and severity was measured using the RPQ. The RPQ was framed as "We would like to know if you now suffer from any of the symptoms given below." We report the summary score and the proportion of participants with score of 0. Participants were also dichotomized into those meeting Diagnostic and Statistical Manual of Mental Disorders IV criteria for postconcussion disease (reporting at least 3 symptoms at the "mild" level) and those who did not (reporting <3 symptoms at the "mild" level) meet criteria. Posttraumatic stress was measured using the Primary care posttraumatic stress disorder (PTSD) screen. 19 Anxiety and depression were measured using the PHQ-4. 13 We assessed self-medication for pain over the last 2-weeks, in a manner identical to the baseline assessment. In addition, we asked whether participants were currently involved in a legal case involving their head injury. Participants in the Intervention groups were asked to complete additional survey questions to measure their perception of the SMS program. "How useful did you find the text messages sent to you to help you understand your symptoms?" and "How useful did you find the text messages sent to you to help you self-manage your symptoms?" Response options included options as follows: "Not useful at all, somewhat useful, and very useful." They were also asked, "Do you think that the SMS program was harmful in any way?" Participants received $10 for completion of baseline instruments and $10 for completion of the 14-day assessment.
Data Analyses
We made baseline comparisons of control versus intervention participants using chi-square tests to examine associations between categorical variables, t tests for normally distributed continuous variables, and J OURNAL OF HEAD TRAUMA REHABILITATION Wilcoxon rank-sum tests for variables with skewed distributions. These variables were summarized by calculating frequencies (n) with percentages (%) for categorical data and means and standard deviations (SD) or median and interquartile range for count data. Plots and examination of skewness and kurtosis were used to identify evidence of nonnormality for continuous variables.
To examine the feasibility of using SMS as an electronic symptom diary for patients with mTBI, we report the proportion of participants who completed SMS assessments and the time to respond to symptom assessments. We explored factors (age, sex, day of assessment, treatment) associated with missing and delayed (>1 hour) SMS assessment completion using univariate logistical regression. To understand how symptoms across domains (somatic, cognitive, affective) relate to one another, we calculated Pearson correlation coefficients between daily headache, concentration difficulty, and irritability/anxiety scores.
To understand how symptoms reported through SMS change over the first 14 days after an mTBI, we compared mean reduction in symptom scores from day 1 to day 14 using paired t tests and compare the percentage of participants with symptoms from day 1 to day 14 using two-sample tests of proportions. To explore whether the intervention alters SMS symptoms after mTBI, we first compared the mean SMS symptom scores and number of days with any (score > 0) and severe (score 3 or 4) symptoms over the first 14 days using paired t tests. Controlling for clustering within participants, we explored factors (age, sex, intervention) associated with SMS symptoms using univariate logistical regression models. Interactions between the variables were systematically searched, and all factors with significant univariate association (P < .20) with respective outcomes were used to build multivariable logistic regression models.
Using data from only those who completed followup, we first examined how mean, peak, and most recent SMS symptom scores each related to retrospective reports at 14 days using Pearson correlation coefficients. We then examined whether symptoms were different between daily SMS reports and retrospective reports by comparing mean SMS scores with Rivermead scores using paired-sample t tests. Finally, we examined differences between control and intervention groups in the 14-day RPQ scores, PTSD status, anxiety and depression status, pain medication use over the last 2-weeks using Wilcoxon rank-sum tests for continuous variables, and chi-square tests for categorical outcomes. All tests conducted were two-tailed, and differences were considered statistically significant if P ≤ .05. All data were analyzed using STATA 10.0 (Statacorp, Inc, College Station, Texas).
RESULTS
A total of 52 adult ED patients with mTBI were approached over a period of 2 months. Among them, 9 (17%) were excluded, resulting in 43 enrolled and randomized. Figure 1 shows patient flow through the study. Randomized participants were an average of 30 years of age (range: 18-50), while 56% were female, 21% were African-American, and 52% had at least some college education (see Table 1 ). Half of participants were employed full-time, 28% were students, and 84% described their health as at least good. In the past 3 months, 23% reported using tobacco daily or almost daily, 23% drank alcohol daily or almost daily, and 15% had smoked cannabis. In the 2 weeks prior to their current injury, 65% used pain medicine. In regard to their current injury, 37% reported a transient loss of consciousness, 35% were amnestic for events immediately before or after the accident, and 81% reported transient alteration in mental status at time of accident (feeling dazed, disoriented, or confused). Ninety percent of participants complained of current head pain, 44% complained of current neck pain, but pain outside of these body areas was low (<10%). Illness perception was low, and satisfaction with social support was high. Intervention and control groups were similar at baseline in all characteristics.
Overall, there were high rates of SMS symptom assessment completion over 14 day: 74% for 9 AM headache assessments, 96% for 1 PM difficulty concentrating assessments, and 97% for 5 PM irritability/anxiety assessments. Among those completed, depending on the time of day, between 49% and 54% were completed within 1 hour and between 29% and 37% within 5 minutes. Patient age, sex, day of assessment, and treatment were not associated with missing SMS assessments or with delayed (>1 hour) SMS assessment completion.
The mean reduction in SMS symptom scores by treatment exposure across 14 days can be seen in Figure 2 . Overall, from day 1 to day 14, there was a mean reduction in headache score from 2.1 (SD = 1.1) to 1.1 (SD = 0.6) (P = .002), a mean reduction in concentration difficulty score from 1.8 (SD = 1.4) to 1.2 (SD = 0.7) (P = .09), and a mean reduction in irritability/anxiety score from 0.47 (SD = 0.51) to 0.31 (SD = 0.47) (P = .2). In intervention participants, the mean headache score was 0.99 (SD = 0.98) versus 1.19 (SD = 0.89) for control participants (P = .5). In intervention participants, mean difficulty concentrating score was 0.88 (SD = 0.93) versus 1.23 (SD = 1.1) for control participants (P = .2). In intervention participants, mean irritability/anxiety score was 1.00 (SD = 0.92) versus 1.62 (SD = 1.13) for control participants (P = .06). There was a high correlation between headaches and concentration difficulty SMS scores (ρ = 0.71), headaches and irritability/anxiety SMS scores (ρ = 0.67), and concentration difficulty and irritability/anxiety SMS scores (ρ = 0.74).
The reduction in the proportion of participants with symptoms by treatment exposure across 14 days can be seen in Figure 3 . From day 1 to day 14, there was a reduction in the proportion of participants with headaches from 87% (95% confidence interval [CI]: 0.75-0.99) to 51% (95% CI: 0.34-0.68) (P = .002), a reduction in the proportion of participants with concentration difficulty from 86% (95% CI: 0.74-0.97) to 46% (95% CI: 0.29-0.62) (P = .005) and a reduction in the proportion of participants with irritability/anxiety from 77% (95% CI: 0.624-0.91) to 63% (95% CI: 0.47-0.79) (P = 0.2). Compared with the control group, intervention participants trended to lower odds of reporting headaches (odds ratio [OR] = 0.38; 95% CI: 0.07-1.99), concentration difficulty (OR = 0.32; 95% CI: 0.04-2.24), and irritability or anxiety (OR = 0.33; 95% CI: 0.05-2.35). In regard to severe symptoms, intervention participants had a significantly lower odds of reporting severe anxiety (OR = 0.09; 95% CI: 0.02-0.31).
Of the 43 persons who enrolled in the study, 36 (84%; 95% CI: 69%-93%) completed 14-day phone follow-up. There were no significant differences in follow-up participation between intervention and control groups (78% vs 88%; P = .4), nor were there differences in demographics between those followed and those lost to follow-up. There were no differences between mean SMS reports and RPQ reports for headaches (1.90 vs 1.70; P = .33), difficulty concentrating (1.88 vs 1.86; P = .90), or irritability/anxiety (1.88 vs 1.97; P = .61). There was a moderate correlation between mean SMS symptom scores and RPQ scores for headaches (ρ = .62), difficulty concentrating (ρ = .63), and anxiety (ρ = .64). There was a poor correlation between RPQ and peak SMS scores (ρ = 0.51-0.56) and most recent SMS scores (ρ = 0.47-0.53). As seen in Table 2 , at 14-day follow-up, there were no significant differences in RPQ score, proportion meeting postconcussion disease criteria, PTSD, anxiety, or depression between intervention and control groups. All of the intervention participants thought that the messages were at least somewhat useful to help them understand their symptoms, and 93% found them at least somewhat useful to help them self-manage their symptoms. No patient thought that the messaging system was harmful.
DISCUSSION
To our knowledge, this is the first study employing mobile phone text messaging to assess postconcussive symptoms and provide self-care support to patients after mTBI. Those receiving the text-messaging-based education and support had fewer and less severe postconcussive symptoms than the controls but none of the differences reached statistical significance. In addition, the text-message-based program was well received by intervention participants. There was a high rate of completed symptom assessments and a relatively fast response rate. This suggests, similar to prior research from other conditions, 20 that SMS can be used as an electronic diary to capture data from patients after ED care with high fidelity. We showed a mean reduction in symptom over the first 14 days after head injury, with around half of all participants still exhibiting daily symptoms and a quarter having severe symptoms. This is similar to prior studies of persistent short-term symptoms after mTBI, 21 providing evidence of face and content validity of our SMS symptom assessments. The average symptom scores reported through SMS were moderately correlated with RPQ reported at phone follow-up, suggesting that our SMS assessments have convergent validity with a criterion-standard symptom assessment instrument.
We found that provision of self-care support messages focused on symptom-specific education, reassurance, and management guidance had the most pronounced effect on irritability or anxiety over the acute recovery period. These findings are similar to prior reports showing that early targeted interventions can reduce both shortand long-term complaints related to mTBI. 5, 6 There may be several mechanisms responsible for our intervention effectiveness. First, provision of reassurance about normal symptoms after mTBI could alter an individual's perception of what a "normal" recovery is, resetting expectations and reducing rumination on symptoms. 22 Second, provision of support messages could alter an individual's self-efficacy, giving them confidence to self manage their symptoms.
Despite positive changes in intervention participants' symptoms using daily SMS reports, we were not able to observe a reduction of neurobehavioral symptoms using the 14-day phone follow-up measurement instruments. One possibility for these findings could be limitations in summary measures of neurobehavioral symptoms, which may be biased by a participant's current beliefs, cognitive style, individual differences, and inaccessibility of context-relevant information at the time of recall. Another possibility is that improvements would be more evident in a larger sample of participants, or with an increased "dose" of intervention. Although we used only brief text messages as our treatment, future interventions could integrate multimedia and/or remote teleconferencing to deliver more robust rehabilitative care, including mindfulnessbased stress reduction 23 or cognitive behavioral therapy. 24 There are a number of limitations to this study. First, the small sample size may have resulted in lack of statistically significant differences between intervention and control groups when one exists. The sample was restricted to ED patients and so these results may not be applicable to sports-related or military-related mTBI. Our measurement of postconcussive symptoms through SMS was limited, focusing only on the most common symptoms within domains of somatic, cognition, and affective symptoms. Given the intensive repeatedmeasures study design, we chose not to burden participants with additional questions, which would likely contribute to lower study compliance. SMS does not allow for parallel or multi-item response, but other mobile communication modalities such as an "app" can allow for more detailed symptom assessments, as well as exploring symptom triggers such as sleep disruption, 25 and substance use. 26 Future studies will have to identify how the number or length of questions asked daily influences participant completion.
CONCLUSIONS
The findings from this study suggest that mobile communication technology such as text messaging may be a useful tool for collecting intensive longitudinal data on symptoms after mTBI, potentially revealing momentary predictors of symptoms previously unavailable. Also, SMS may be a useful modality to disseminate self-care instructions and emotional support after acute head injury and trauma. Further evaluation of more robust mobile interventions and larger sample of participants are still needed.
